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Description 

The present Invention relates to catheters for 
delivering medicine into blood vessels at selected 
points, for example, a coronary infusion catheter 
designed to be inserted through an installed 
angiography catheter to extend beyond the 
angiography catheter so that a medicine such as a 
thrombolytic drug or other drug can be delivered 
to a selected point in a coronary artery. 

Prior art catheters for delivering medicine into 
blood vessels include the types disclosed in US 
4239042 and EP— A— 0046485 wherein an outer 
flexible polymer tube is secured on an inner more 
ridid polymer tube with the outer tube extending 
past the distal end of the inner tube to form a 
flexible tip which in EP — A — 0046485 has a 
reduced diameter. US 3965909 discloses manufac- 
ture of a braid reinforced catheter including the 
steps of covering an inner thermoplastics tube 
with a non-metallic braid, inserting a braid, inner 
tube and mandrel through a heated die to embed 
the braid in the inner tube to form a braid 
reinforced inner tube, covering the braid 
reinforced inner tube with a preformed outer 
thermoplastic tube, drawing the assembled outer 
and inner tubes through a second heated die to 
fuse the outer tube with the inner tube, and 
removing the mandrel. GB 2 028 136 discloses the 
inclusion of a radiopaque metallic component in 
the distal tip of a catheter for enabling viewing of 
the catheter tip position during insertion. 

Catheters which have been specifically used for 
coronary infusion, i.e. insertion into the coronary 
catheters include the following types: (1) a poly- 
tetrafluoroethylene tube of uniform construction; 
(2) a PVC tube shrunk onto a metal coil spring body 
with a distal 20 cm section of the tube extending 
past the end of the spring body and having a 
shrunken diameter to form a more flexible distal 
section to aid in negotiating curves; and (3) a 
polymer tube having a body section with a rein- 
forcing braid included in the tube wall wherein a 
distal 20 cm section of the tube extending from the 
body section does not contain the reinforcing 
braid. These infusion catheters are usually 
inserted through a previously installed angiogra- 
phy catheter with the distal end being advanced, 
under fluoroscopic guidance, from the end of the 
angiography catheter to the desired site. Difficulty 
has sometimes been experienced in positioning of 
prior art catheters in some blood vessels, for 
example in the left circumflex coronary artery. 
Vascular trauma has also been experienced by 
various types of prior art catheters. 

Uniform tube type coronary infusion catheters, 
such as the polytetrafluoro ethylene tube of 2.5 
French size (0.83 mm size), are generally too stiff 
for the distal end to negotiate tortuous blood 
vessels without traumatizing the vessels and are 
generally too flexible to possess desired torque 
and column characteristics. The torque charac- 
teristic concerns the ability to transmit rotational 
movement from one end of the catheter to the 
other; catheters must sometimes be rotated in 


order to direct a curved distal end of the catheter 
into a selected branch vessel or to follow a vessel 
curve. The column characteristic concerns the 
ability to resist buckling of the catheterwhile being 
5 pushed; buckling at the entrance of a guiding 
catheter or within a vessel produces kinks or sharp 
bends which make insertion more difficult, or 
prevents insertion of the distal end of the catheter 
to the desired site in the blood vessel. Guide wires, 
10 i.e. tightly coiled fine metal springs, with or 
without precurved ends are commonly inserted 
inside catheters to render the catheters less flex- 
ible and to direct the distal end of the catheter in 
the desired direction. Such guide wires generally 
is can not substantially improve torque characteris- 
tics of the catheter, and because of uniformity in 
flexibility or stiffness throughout their length, can 
not provide the degree of variation in flexibility of 
stiffness required to negotiate turns and simul- 
20 taneously resist buckling. 

The prior art catheter type with the PVC tube 
shrunk on the metal coil spring does provide a 
variation in stiffness or flexibility between the 
body section secured on the spring and the distal 
25 portion extending from the body portion. How- 
ever, such coronary infusion catheters of a favor- 
able size i.e, 2.5 French (0.83 mm) in the body 
sections and 2.0 French (0,67 mm) in the distal 
section, have relatively small internal diameters 
30 through the coil springs and the distal sections 
preventing insertion of a guide wire and also 
restricting the flow of medicine. Additionally, the 
tube wall is relatively thick in the distal section 
because of shrinkage of a larger tube size limiting 
35 the degree of flexibility, and this type of catheter 
includes a rigid radiopaque tip which tends to 
traumatize blood vessels. 

The reinforced braid type coronary infusion 
catheter isgenerally too large, i.e. 4 French (1.33 
40 mm) in size, and too stiff in its distal section to be 
readily inserted without excessive risk of vessel 
traumatization. 

The present invention contemplates a catheter 
as defined in the accompanying claim 1 having 
45 inner and outer laminated coaxial tubes of 
polymeric material wherein the inner tube is 
formed of a polymeric material having a relatively 
high strength and a relatively high flexural mod- 
ulus, the outer tube is relatively softer and more 
so flexible and has a distal portion extending beyond 
the distal end of the inner tube, and an enlarged 
reinforcing portion of the outer tube bridges the 
distal end of the inner tube. The inside diameter of 
the composite tube permits insertion of a guide 
55 wire through the inner tube and the distal portion 
of the outer tube in order to aid in insertion of the 
infusion catheter. 

The invention seeks to construct a catheter 
having reinforcement of the junction between the 
so soft flexible tip portion and the more rigid body 
portion. 

One advantage of the invention is that such 
reinforcement will tend to prevent sharp bends or 
failures of the catheter at the junction between the 
65 tip and body portions. 
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Another advantage of the invention is that a 
guide wire may be inserted into the catheter, 
including into a distal flexible portion of the 
catheter, to aid in insertion of the catheter. 

The invention will now be further described 
with reference to preferred embodiments shown 
in the accompanying drawings, wherein— 

Figure 1 is a plan view of a coronary infusion 
catheter, with portions broken away, constructed 
in accordance with the invention; 

Figure 2 is a cross-section taken at line 2—2 in 
Figure 1; 

Figure 3 is a cross-section taken at line 3—3 in 
Figure 1; 

Figure 4 is a cross-section taken at line 4—4 in 
Figure 1; 

Figure 5 is a plan view of a modified coronary 
infusion catheter, with portions broken away, 
contructed in accordance with the invention; 

Figure 6 is a cross-section view taken at line 
6—6 in Figure 5 ; and 

Figure 7 is a cross-section view of the catheter 
of Figure 1 inserted in a conventional angiogra- 
phy catheter to illustrate employment of the 
catheter of the invention. 

As illustrated in Figures 1—4, a coronary infu- 
sion catheter indicated generally at 18 and con- 
structed in accordance with an embodiment of 
the invention includes a main section indicated 
generally at 20 formed by an outer polymeric tube 
22 coaxially laminated on an inner polymeric tube 
24, and a distal portion or section indicated 
generally at 21 wherein the inner tube is absent. 
The inner tube 24 is a polymer having relatively 
high strength and a relatively high flexural mod- 
ulus, while the outer tube 22 is a softer polymer 
having a relatively lower flexural modulus. Thus, 
the distal portion 21 is relatively flexible, permit- 
ting the distal portion to negotiate curves in 
tortuous arteries into which the catheter is being 
inserted. The strength and stiffness of the inner 
tube 24 imparts the desired torque and column 
characteristics to the main section 20. The combi- 
nation of hard-soft polymer tubes permits the 
catheter to have a relatively large inside diameter 
enabling the insertion of a guide wire, such as a 
coiled spring-like guide wire, through both sec- 
tions 20 and 21 to aid in positioning the distal end 
of the catheter in the desired point in an artery. 

Preferably, the polymer of the inner tube 24 has 
a flexural modulus within the range from about 
50,000 to 300,000 psl (3,515 to 21,100 kg/cm 2 ) and 
the polymer of the outer tube 22 has flexural 
modulus in the range from about 10,000 to 50,000 
psi (703 to 3,515 kg/cm 2 ). Examples of higher 
strength and higher modulus polymeric materials 
suitable for the inner tube 24 include nylons, high 
density polyethylenes and aramid resins. 
Examples of soft plastic materials with lower 
modulus suitable for the outer tube 22 include 
urethanes, PVC, and low density polyethylenes. 

In the distal section 21, the outside diameter of 
the outer tube 22 is reduced without any increase 
in wall thickness, rendering the section 21 even 
more flexible. A radiopaque member 26 is 


secured to the distal portion 21 adjacent to the 
distal end of the catheter. The radiopaque 
member 26 of Figures 1 and 4 is a short metal 
sleeve, 1 to 2 mm in length, secured on the 
5 outside of the tube 22. Examples of suitable 
metals for the sleeve 26 include 10k gold, tan- 
talum, tungsten, or any other radiopaque metal 
suitable for insertion in a blood vessel. The sleeve 
26 is spaced slightly, 1 to 5 mm, from the distal 
w end of the tube 22, leaving an end portion 28 of 
the tube 22 extending from the member 26. The 
distal end portion 28 is designed to avoid trauma 
to blood vessels caused by hard tips. 
At the opposite end of the catheter, a short 
15 section of reinforcing tube is firmly secured over 
the end portion of the combined tubes 22 and 24. 
A luer 32 with a hub 34 suitable for connecting the 
catheter to other derives is fastened on the ends 
of the tubes 30, 22, and 24. 
20 An example of the coronary infusion catheter 
has an overall length of about 135 centimeters 
with the distal section 21 being about 20 centime- 
ters in length. The main section 20 has an outside 
diameter of about 0.039±.002 inches (0.99+.05 
25 mm) and an inside diameter of about 0.025±.002 
inches (0.64±.05 mm). The distal section 21 has 
an outside diameter of about 0.030±.001 inches 
(0.76+.03 mm) and an inside diameter of about 
0.022+.001 Inches (0.56+.03 mm). The radiopa- 
30 que metal sleeve 26 is approximately 2 mm in 
length and has an outside diameter of about 
0.034±.0005 inches (0.86±.02 mm) and an inside 
diameter of about 0.029±.0005 inches (0.74±.02 
mm). The protruding soft end 28 is about 2 mm in 

35 length. 

The coronary infusion catheter may be manu- 
factured by extruding the inner and outer tubes 22 
and 24 so that the inner tube 22 can be slipped in 
to the outer tube 24 snugly. Examples of suitable 

40 size extruded tubes include an inner tube having 
an outside diameter of about 0.040 inches (1.02 
mm) and an inside diameter of about 0.027 inches 
(0.7 mm), and an outer tube having an outside 
diameter of about 0.055 inches (1.4 mm) and an 

45 inside diameter of about 0.043 inches (1.09 mm). 
The inner tube 22 is inserted into the outer tube 
such that a distal portion of the outer tube 
extends past the distal end of the inner tube. A 
wire mandrel of the desired inner diameter size, 

so e.g. 0.025 inches (0.64 mm), is introduced through 
the inner tube in its entire length. Then, the 
assembly of the mandrel, the inner tube and the 
outer tube, is drawn by pushing or pulling 
through a proper size hole in a hot brass, stainless 

55 steel, or other metal die. The metal die is heated 
sufficiently to aid in plasticizing the polymer of 
the tubes, laminating the tubes together, and 
molding the inner tube to the size of the wire 
mandrel. During the drawing process, the pulling 
60 can be toward the distal portion 21 stopping just 
short of the distal end of the inner tube, thus 
causing the distal portion 21 to be extended in 
length due to extrusion or remolding of a portion 
of the polymer in the outer tube in the die. In the 
65 next procedure, a wire mandrel of appropriate 
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diameter, e.g. 0.022 inches (0.56 mm), is inserted 
in the distal section 21 of the outer tube 22 and the 
distal section 21 is pulled through a second metal 
die having a hole size smaller than the first metal 
die for producing the reduced diameter of the 
distal portion 21. The drawing can be from the 
distal end of the distal section 21 toward the distal 
end of the inner tube stopping just short of the 
distal end of the inner tube. Thus there is left a 
slightly enlarged non-drawn portion 36, e.g. 
about 4 mm in length, of the outer tube 22 
bridging the distal end of the inner tube 24 to 
produce additional strength to prevent breakage 
of the outer tube at the distal end of the inner 
tube. The ends of the catheter are then trimmed, 
and the metal sleeve 26 is attached by stretching 
the end portion of the tube section 21 to reduce its 
diameter, and positioning the sleeve 26 over the 
end portion, forcing the sleeve onto a non- 
stretched portion where the elasticity of the tube 
secures the metal sleeve onto the tube, the 
stretched end being cut off. Optionally, an 
adhesive may be used to secure or aid in securing 
the sleeve 26. Then, the reinforcing tube 30 is 
slipped on the opposite end of the catheter and 
the (uer 32 is bonded to the ends of the tubes 22, 
24 and 30. 

In use of the coronary infusion catheter 18, a 
conventional angiography catheter 40, shown in 
Figure 7, is inserted in the artery in a conventional 
manner. A conventional side arm "Y" adapter 42 
is attached to the hub of the angiography cathe- 
ter. The air may be removed from the coronary 
infusion catheter 7 by distilled water or saline 
solution from a syringe or other apparatus 
attached to the hub 34. The catheter 18 is then 
inserted through the straight arm of the "Y" 
adapter with the sealing ring in the straight arm 
being tightened slightly to minimize bleeding, yet 
allow the advancement of the catheter approxi- 
mately 80 — 90 centimeters into the angiography 
catheter. A guide wire 44, such as a fine coiled 
stainless steel wire of 0.018 inch (0.46 mm) 
diameter, with or without a curved end may have 
been previously inserted in the catheter 18. 

Further advancement of the coronary infusion 
catheter is performed under fluoroscopic 
guidance. The radiopaque member 26 and the 
catheter itself are readily visible, and contrast 
material may be injected into the artery through 
the side arm of the "Y" adapter to enable viewing 
of the positioning of the distal end of the catheter 
18 in the artery. The guide wire 44, inserted into 
the catheter 18 may extend completely through 
the catheter 18 including the distal portion 24. The 
guide wire adds a degree of stiffness, particularly 
to a selected length of the distal portion, during 
the insertion of the catheter 18 past the catheter 
40. Adjustment of the position of the guide wire 
44 and rotation of the catheter and guide wire can 
be utilized in advancing and directing the tip 28 
and distal portion 24 to a selected point in the 
arteries. After the infusion catheter is in the 
selected position, the guide wire 44 may be 
removed and the hub 34 attached to a suitable 


supply apparatus for injecting medicine into the 
artery. 

The catheter 18, having a substantially large 
inside opening relative to its outside diameter, 

5 enables a substantial rate of medicine to be fed, 
as well as enabling the insertion of the guide wire 
44. Previous catheters could not utilize a relatively 
flexible and floppy distal portion for negotiating 
tortuous curvatures combined with selective 

10 insertion of a guide wire to aid in guiding the 
catheter. Further, the present catheter has greatly 
improved torque and column characteristics com- 
pared to previous catheters, and the soft tip 28 is 
fess traumatic to blood vessels. 

15 A modified coronary infusion catheter is shown 
in Figures 5 and 6, wherein a radiopaque coil 
spring 50 is secured inside of the end portion of 
the distal section 21 of the catheter in place of the 
exterior band 26 of Figure 1. The coil spring 50 is 

20 inserted by swelling the end portion of the tube 24 
by means of a solvent, inserting the section of 
spring 50, and allowing the end portion of the 
tube 24 to dry, shrinking the end portion to secure 
the spring member 50. The spring member 50 

25 may have a substantial length, for example 0.5 to 
2 centimeters, and has sufficient flexibility to 
permit bending within sharply curved passage- 
ways. The radiopaque spring 50 is installed leav- 
ing a flexible end portion 28 of the tube 24 

30 extending beyond the member 50, for example 2 
to 5 millimeters. 

Alternatively, the short metal band 26 of Figure 
1 may be secured inside of the end portion of the 
tube 24 similar to the spring 50, or the spring 50 

35 may be secured on the outside of the end portion 
of the tube section 21, similar to the band 26. 

Since many modifications, variations, and 
changes in detail may be made to the above 
described embodiment, it is intended that all 

40 matter described in the foregoing description and 
shown on the accompanying drawings be inter- 
preted as illustrative and not in a limiting sense. 

Claims 

45 

1. A catheter which is capable of delivering 
drugs into a blood vessel at a selected point, 
comprising: 

an inner tube (24); 
so an outer tube (22) surrounding and being lami- 
nated to the outside of the inner tube; 

said outer tube having a distal section (21) 
extending beyond a distal end of the inner tube; 

said inner tube being formed from a high 
55 strength polymeric material having a first flexural 
modulus; 

said outer tube being formed from a soft plas- 
tics material having a second flexural modulus 
which is substantially less than the first modulus; 
60 said inner tube and said distal section of the 
outer tube having inner diameters permitting 
insertion of a guide wire therein; and 

said distal section of the outer tube having an 
outer diameter which is less than the outer dia- 
65 meter of the remaining portion of the outer tube; 
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characterised in that the outer tube (22) has a 
slightly enlarged section (36) bridging the distal 
end of the inner tube. 

2. A catheter as claimed in claim 1 wherein the 
first flexural modulus is in the range from about 
3515 to 21000 kg/cm 2 (50,000 to 300,000 psi), and 
the second flexural modulus is in the range from 
about 703 to 3515 kg/cm 2 (10,000 to 50,000 psi). 

3. A catheter as claimed in claim 1 or 2 including 
a rigid radiopaque member (26, 50) secured to the 
distal section (21) of the outer tube adjacent the 
distal end thereof leaving an end portion (28) of the 
distal section free of the radiopaque member. 

4. A catheter as claimed in claim 3 wherein the 
radiopaque member is a radiopaque metal sleeve 
(26) or radiopaque metai coil (50). 

5. A catheter as claimed in claim 3 or 4 wherein 
the radiopaque member (26) is secured on the 
outside of the distal section of the outer tube. 

6. A catheter as claimed in claim 3 or 4 wherein 
the radiopaque member (50) is secured on the 
inside of the distal section of the outer tube. 

7. A catheter as claimed in any one of the 
preceding claims including a luer (32) having a hub 
(34) fastened to the end opposite to the distal end 
for connecting the catheter to other devices, and a 
guide wire (44) for insertion in the catheter to aid in 
placement thereof. 

8. A catheter as claimed in any one of the 
preceding claims wherein the laminated inner and 
outer tubes have an outside diameter of about 0.99 
mm (0.039 inches) and an inside diameter of about 
0.64 mm (0.025 inches), and the distal section has 
an outside diameter of about 0.76 mm (0,030 
inches) and an inside diameter of about 0.56 mm 
(0.022 inches). 

9. A method of manufacturing a catheter as 
claimed in any one of the preceding claims, 
comprising the steps of: 

inserting an inner tube (24) of high-strength, 
higher-flexural modulus polymeric material into 
an outer tube (22) of soft, lower flexural modulus 
polymeric material leaving a distal section (21) of 
the outer tube extending from a distal end of the 
inner tube; 

inserting a first wire mandrel through the inner 
tube; 

drawing the assembled tubes and mandrel 
through a heated die to laminate the outertube on 
the inner tube; and 

removing the first mandrel; 

characterised by inserting a wire mandrel in the 
distal section of the outer tube, drawing the distal 
section of the outertube through a second heated 
die to reduce the diameter of the distal section to a 
lesser dimension than the remaining portion of the 
outer tube, and stopping the drawing steps short 
of the distal end of the inner tube to leave an 
enlarged portion (36) of the outertube bridging the 
distal end of the inner tube. 

10. A method as claimed in claim 9 including the 
step of securing a radiopaque metal member (26, 
50) to the distal section of the outer tube adjacent 
to, but slightly spaced from the distal end of the 
outer tube. 


1 1 . A method as claimed in claim 10 wherein the 
securing step includes stretching an end portion of 
the distal section of the outer tube to reduce its 
diameter, inserting a sleeve-like radiopaque metal 

s member (26) over the reduced diameter end 
portion, forcing the metal sleeve onto a non- 
stretched portion of the outertube, and cutting the 
stretched portion from the outer tube. 

1 2. A method as claimed in claim 1 0 wherein the 
w securing step includes swelling an end section of 

the distal portion of the outer tube by means of a 
solvent, inserting a sleeve-like radiopaque metal 
member into the swelled end portion of the outer 
tube, and drying the swelled end portion of the 
is outer tube to shrink the end portion and secure the 
metai member. 

1 3. A method as claimed in any one of claims 9 to 
12 wherein the step of drawing the assembled 
tubes and mandrel includes drawing a further 

20 portion of the outer tube past the distal end of the 
inner tube to increase the length of the distal 
section of the outer tube extending from the distal 
end of the inner tube. 

25 Patentanspruche 

1 . Katheter fur die Zufuhrung von Arzneimitteln 
zu einer ausgewahlten Stelle in Biutgef3Ben mit 
r einem Innenschlauch (24), 
30 einem die AuBenseite des Innenschlauches 
umgebenden und auf diese aufgeschichteten 
AuBenschlauch (22), 

wobei der AuBenschlauch einen sich uber das 
distale Ende des Innenschlauches hinaus erstrek- 
35 kenden distalen Abschnitt (21 ) hat, 

der Innenschlauch aus einem polymeren Mate- 
rial gebildet 1st, das eine hohe Festigkeit und einen 
ersten Biegemodul hat, 

der AuSenschlauch aus einem weichen Kunst- 
40 stoffmaterial mit einem zweiten Biegemodul gebil- 
det ist, der wesentlich geringer als der erste Modul 
ist, 

der Innenschlauch und der distale Abschnitt des 
AuBenschlauches Innendurchmesser haben, die 
45 das Einfuhren eines Fuhrungsdrahtes erlauben, 

der distale Abschnitt des AuBenschlauches 
einen AuBendurchmesser hat, der kleiner als der 
AuBendurchmesser des Obrigen Stucks des 

50 AuBenschlauches ist, 

dadurch gekennzeichnet, daB der AuBen- 
schlauch (22) einen schwach erweiterten 
Abschnitt (36) hat, der das distale Ende des 
Innenschlauches Oberbruckt. 

55 2. Katheter nach Anspruch 1, bei dem der erste 
Biegemodul in dem Bereich von etwa 3515 bis 
21000 kg/cm 2 (50 000 bis 300 000 psi) und der 
zweite Biegemodul in dem Bereich von etwa 703 
bis 3515 kg/cm 2 (10 000 bis 50 000 psi) liegen. 

60 3. Katheter nach Anspruch 1 Oder 2, mit einem 
steifen radiopaken Korper (26, 50), der an dem 
distalen Abschnitt (21 ) des AuBenschlauches nahe 
dessen distalem Ende befestigt ist, wobei em 
Endstuck (28) des distalen Abschnitts von dem 

55 radiopaken Kdrper freigelassen ist. 
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4. Katheter nach Anspruch 3, bei dem der 
radiopake Korper eine radiopake Metallhulse (26) 
Oder eine radiopake Metal iwendel (50) ist. 

5. Katheter nach Anspruch 3 oder 4, bei dem der 
radiopake Korper (26) auf der Aufcenseite des 
distalen Abschnitts des Aufcenschlauches befe- 
stigt ist. 

6. Katheter nach Anspruch 3 oder 4, bei dem der 
radiopake Korper (50) auf der Innenseite des 
distalen Abschnitts des AuRenschlauches befe- 
stigt ist. 

7. Katheter nach einem der vorhergehenden 
Anspruche, bei dem ein Luer-Verbindungsstuck 
(32) mit einem AnschluGstuck (34) fur den 
Anschlufc des Katheters an andere Gerate an dem 
dem distalen Ende entgegengesetzten Ende ange- 
bracht ist und ein Fuhrungsdraht (44) zur Einfuh- 
rung in den Katheter vorgesehen ist, um dessen 
Einlegen zu unterstutzen. 

8. Katheter nach einem der vorhergehenden 
Anspruche, bei dem der iaminierte Innen- und 
Aufcenschlauch einen Aufcendurchmesser von 
etwa 0,99 mm (0,039 Zoll) und einen Innendurch- 
messer von etwa 0,64 mm (0,025 Zoll) hat und der 
distale Abschnitt einen AuBendurchmesser von 
etwa 0,76 mm (0,030 Zoll) und einen Innendurch- 
messer von etwa 0,56 mm (0,022 Zoll) hat. 

9. Verfahren zur Herstellung eines Katheters 
nach einem der vorhergehenden Anspruche, bei 
dem man 

einen Innenschlauch (24) aus einem polymeren 
Material von hoher Festigkeit und hdherem Biege- 
modui in einen AuSenschlauch (22) aus einem 
weichen polymeren Material von geringerem Bie- 
gemodul einsetzt und dabei einen sich von dem 
distalen Ende des Innenschlausches ab erstrek- 
kenden distalen Abschnitt (21) des AuSenschlau- 
ches belaftt, 

einen ersten Drahtdorn durch den Innen- 
schlauch einfuhrt, 

die zusammengesetzten Schlauche und den 
Dorn durch eine beheizte Form zieht, um den 
Aufcenschlauch auf den Innenschlauch zu laminie- 
ren, und 

den ersten Dorn entfernt, 

dadurch gekennzeichnet, dafc man einen Draht- 
dorn in den distalen Abschnitt des AuSenschlau- 
ches einsetzt, den distalen Abschnitt des Auften- 
schlauches durch eine zweite beheizte Form zieht, 
um den Durchmesser des distalen Abschnitts auf 
eine kleinere Dimension als bei dem ubrigen Teil 
des AuSenschlauches zu verringern, und die Zieh- 
schritte kurz vor dem distalen Ende des Innen- 
schlauches anhalt, um ein erweitertes Stuck (36) 
des Aufcenschlauches zur Uberbruckung des 
distalen Endes des Innenschlauches zu belassen. 

10. Verfahren nach Anspruch 9, bei dem ein 
radiopaker Metallkoper (26, 50) an dem distalen 
AbschnittdesAufcenschlauchesnahedem,jedoch 
in geringer Entfernung von dem distalen Ende des 
AuRenschlauches befestigt wird. 

11. Verfahren nach Anspruch 10, bei dem die 
Befestigungsstufe das Strecken eines Endstucks 
des distalen Abschnitts des Auftenschlauches zur 
Verminderung seines Durchmessers, das Einset- 


10 

zen eines hulsenartigen radiopaken Metallkdrpers 
(26) auf dem Endstuck mit vermindertem Durch- 
messer, das Aufdrucken der Metallhulse auf ein 
ungestrecktes Stuck des Auftenschlauches und 
5 das Abschneiden des gestreckten StOckes von 
dem Aufcenschlauch umfafct. 

12. Verfahren nach Anspruch 10, bei dem die 
Befestigung die Quellung eines Endabschnitts des 
distalen Stuckes des AuBenschlauches durch ein 

io Losungsmittel, das Einsetzen des hulsenartigen 
radiopaken Metallkdrpers in das gequollene End- 
stuck des AuSenschlauches und dasTrocknen des 
gequollenen Endstuckes des Au&enschlauches 
umfa&t, um das Endstuck zu schrumpfen und so 

15 den Metallkdrper zu befestigen. 

13. Verfahren nach einem der Anspruche 9 bis 
12, bei dem die Stufe des Ziehens des Aggregats 
aus den Schlauchen und dem Dorn das Ziehen 
eines weiteren Teils des AuBenschlauches uber 

20 das distale Ende des Innenschlauches umfaftt, um 
so die Lange des sich von dem distalen Ende des 
Innenschlauches weg erstrekkenden distalen 
Abschnitts des AuSenschlauches zu vergrofcern. 

25 Revendications 

1. Un catheter capable de distribuerdes medica- 
ments h un point selectionnS dans un vaisseau 
sanguin, comprenant: 

30 un tube interieur (24); 

un tube exterieur (22) qui entoure le tube 
interieur et est plaque a i'exterieur de ce dernier; 

le tube exterieur ayant une section distale (21) 
qui s'6tend au-dela d'une extr^mite distale du tube 
35 interieur; 

le tube interieur etant form§ & partir d'un 
polym^re a resistance mecanique 6lev6e ayant un 
premier module de flexion; 
le tube exterieur 6tant form£ a partir d'une 
40 mati^re plastique tendre ayant un second module 
deflexion qui est notablementinferieurau premier 
module; 

le tube interieur et la section distale du tube 
exterieur ayant des diametres interieurs qui per- 
45 mettent I'insertion d'un fil de guidage d I'interieur; 
et 

!a section distale du tube exterieur ayant un 
diametre exterieur qui est interieur au diam&tre 
exterieur de la partie restante du tube exterieur; 
so caracterise en ce que le tube exterieur (22) 
comporte une partie legdrement agrandie (36) qui 
s'etend de part et d'autre de I'extremit6 distale du 
tube interieur. 

2. Un catheter selon la revendication 1, dans 
55 lequel le premier module de flexion est dans la 

plage allant d'environ 3515 a 21000 kg/cm 2 , et le 
second module de flexion est dans la plage allant 
d'environ 703 a 3515 kg/cm 3 . 

3. Un catheter selon la revendication 1 ou 2, 
60 comprenant un Element ridgide radiologiquement 

opaque (26, 50) fixe d la section distale (21 ) du tube 
exterieur, en position adjacente k Textremite dis- 
tale de ce dernier, de facon a laisser une partie 
d'extremite (28) de la section distale ddpourvue de 
65 ['element radiologiquement opaque. 
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4. Un catheter selon la revendication 3, dans 
lequel I'ei6ment radiologiquement opaque est 
une bague de metal radiologiquement opaque 
(26) ou un fil enrouie en helice d'un m6tal radiolo- 
giquement opaque (50). 

5. Un catheter selon la revendication 3 ou 4, 
dans lequel I'6l6ment radiologiquement opaque 
(26) est fixe a I'ext6rieur de la section distale du 
tube exterieur. 

6. Un catheter selon la revendication 3 ou 4 r 
dans lequel Tenement radiologiquement opaque 
(50) est fixe a I'interieur de ia section distale du 
tube exterieur. 

7. Un catheter selon I'une quelconque des 
revendications precedentes, comprenant un 
embout (32) ayant une douille (34), fixe a ('extre- 
mity opposes a I'extremite distale, pour raccorder 
le catheter a d'autres dispositifs, et un fil de 
guidage (44) preVu pour etre introduit dans la 
catheter afin d'aider a la mise en place de ce 
dernier. 

8. Un catheter selon I'une quelconque des 
revendications precSdentes, dans lequel les tubes 
int6rieur et exterieur plaqu6s I'un contre I'autre 
ont un diametre exterieur d'environ 0,99 mm et 
un diametre interieur d'environ 0,64 mm, et la 
section distale a un diametre exterieur d'environ 
0,76 mm et un diametre int6rieur d'environ 0,56 
mm. 

9. Un proc6d6 de fabrication d'un catheter selon 
I'une quelconque des revendications pr6ce- 
dentes, comprenant les operations suivantes: 

on introduit un tube int6rieur (24) en un poly- 
mere a resistance m6canique 6iev6e et a module 
de flexion plus 6lev6 dans un tube exterieur (22) 
en un polymere tendre et a module de flexion 
moins 6lev6, en laissant une section distale (21) 
du tube exterieur s'etendre a partir d'une extre- 
mity distale du tube int6rieur; 

on introduit un premier mandrin en fil metalli- 
que dans le tube int6rieur; 

on procede au tref ilage des tubes et du mandrin 
assembles, en les faisant passer a travers une 
filiere chauff6e, pour plaquer le tube exterieur sur 
le tube inte>ieur; et 

on enleve le premier mandrin; 

caracterise en ce qu'on introduit un mandrin en 
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fil m6tallique dans la section distale du tube 
exterieur, on procede au treTilage de la section 
distale du tube exterieur en la faisant passer a 
travers une seconde filiere chauffee, pour reduire 
s le diametre de la section distale a une dimension 
inf6rieure a celle de la partie restante du tube 
exterieur, et on arrSte les operations de tr6filage 
avant d'atteindre I'extr6mite distale du tube inte- 
rieur, pour laisser une partie agrandie (36) du tube 
w exterieur s'etendant de part et d'autre de I'extre- 
mite distale du tube interieur. 

10. Un procede selon la revendication 9, com- 
prenant I'operation qui consiste a fixer un ele- 
ment en m6tal radiologiquement opaque (26, 50) 

15 a la section distale du tube exterieur, en position 
adjacente a I'extremite distale du tube exterieur, 
mais a une faible distance de cette extr6mit6. 

11. Un proc6d6 selon la revendication 10, dans 
lequel I'operation de fixation comprend l'6tirage 

20 d'une partie d'extr6mite de la section distale du 
tube exterieur, pour reduire son diametre, I'inser- 
tion d'un element en m6tal radiologiquement 
opaque (26), semblable a une bague, sur la partie 
d'extremite de diametre reduit, le forcage de la 
25 bague en metal sur une partie non etir6e du tube 
exterieur, et la coupure de la partie 6tir6e du tube 
exterieur. 

12. Un proc6d6 selon la revendication 10, dans 
lequel I'operation de fixation comprend les op6ra- 

30 tions qui consistent a faire gonfler une section 
d'extremite de la partie distale du tube exterieur, 
au moyen d'un solvant, a introduire un element 
en metal radiologiquement opaque, semblable a 
une bague, a I'interieur de la partie d'extr6mite 
35 gonfiee du tube exterieur, et a s6cher la partie 
d'extremite gonfiee du tube exterieur pour pro- 
voquer la retraction de la partie d'extr6mite et 
pour fixer I'eiement en m6tal, 

13. Un precede selon I'une quelconque des 
40 revendications 9 a 12, dans lequel I'op6ration de 

tr6filage des tubes et du mandrin assembles 
comprend le trefilage d'une partie supplemen- 
tal du tube exterieur, au-dela de I'extr6mite 
distale du tube int6rieur, pour augmenter la lon- 
45 gueur de la section distale du tube exterieur qui 
s'6tend a partir de I'extremite distale du tube 
int6rieur. 
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§) Blood vessel catheter for medicine delivery and method of manufacture thereof. 


@ A catheter which is capable of delivering medicine into a 
blood vessel at a selected point, such as into a coronary 
artery, includes an outer tube and an inner tube. A distal 
portion of the outer tube extends beyond the distal end of the 
inner tube, and the outer tube is formed from a polymeric 
material having a substantially lower flexurai modulus than 
the polymeric material of the inner tube so that the distal 
portion is relatively flexible for enabling insertion in a 
tortuous blood vessel. The inner diameters of the inner tube 
and the distal portion of the outer tube permit insertion of a 
guide wire therethrough for aiding in the insertion of the 
catheter. 

CM 

< FIG I 


CM 



O 
r- 

O 

a. 

LU 


Croydon Priming Company Ltd 


01 02685 


-i- 

BLOOD VESSEL CATHETER FOR MEDICINE DELIVERY 
AND METHOD OF MANUFACTURE THEREOF 
The present invention relates to catheters for 
delivering medicine into blood vessels at selected 
points, for example, a coronary infusion catheter 
•designed to be inserted through an installed angiography 
catheter to extend beyond the angiography catheter so 
that a medicine such as a thrombolytic drug or other 
drug can be delivered to a selected point in a coronary 
artery. 

The prior art contains a number of blood vessel 
catheters including coronary infusion catheters which 
are inserted through coronary angiography catheters to 
position the distal ends of the infusion catheters at 
selected points in coronary arteries . Coronary infusion 
catheters include the following types: (1) a 
polytetraf luoroethylene tube of uniform construction? 
(2) a PVC tube shrunk onto a metal coil spring body with 
a distal 20 cm section of the tube extending past the 
end of the spring body and having a shrunken diameter to 
form a more flexible distal section to aid in 
negotiating curves; and (3) a polymer tube having a body 
section with a reinforcing braid included in the tube 
wall wherein a distal 20 cm section of the tube 
extending from the body section does not contain the 
reinforcing braid. These infusion catheters are usually 
inserted through a previously installed angiography 
catheter with the distal end being advanced, under 
fluoroscopic guidance, from the end of the angiography 
catheter to the desired site. Difficulty has sometimes 
beert experienced in positioning of prior art catheters 
in some blood vessels, • . 
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for example in the left circumflex coronary artery. 
Vascular trauma has also been experienced by various types 
of prior art catheters. 

Uniform tube type coronary infusion cathethers, such 
5 as the polytetraf luoroethylene tube of 2.5 French size, are 
generally too stiff for the distal end to negotiate 
tortuous blood vessels without traumatizing the vessels and 
are generally too flexible to possess desired torgue and 
column characteristics. The torque characteristic concerns 

10 the ability to transmit rotational movement from one end of 
the catheter to the other; catheters must sometimes be 
rotated in order to direct a curved distal end of the 
catheter into a selected branch vessel or to follow a 
vessel curve. The column characteristic concerns the 

15 ability to resist buckling of the catheter while being 

pushed; buckling at the entrance of a guiding catheter or 
within a vessel produces kinks or sharp bends which make 
insertion more difficult , or prevents insertion of the 
distal end of the catheter to the desired site in the blood 

20 vessel. Guide wires f i.e. tightly coiled fine metal 
springs, with or without precurved ends are commonly 
inserted inside catheters to render the catheters less 
flexible and to direct the distal end of the catheter in 
the desired direction. Such guide wires generally can not 

25 substantially improve torque characteristics of the 

catheter, and because of uniformity in flexibility or 
stiffness throughout their length, can not provide the 
degree of variation in flexibility or stiffness required to 
negotiate turns and simultaneously resist buckling. 

30 The prior art catheter type with the PVC tube shrunk 

on the metal coil spring does provide a variation in 
stiffness or flexibility between the body section secured 
on the spring and the distal portion extending from the 
body portion. However, such coronary infusion catheters of 

35 a favorable size, i.e. 2.5 French in the body sections and 
2.0 French in the distal section, have relatively small 
internal diameters through the coil springs and the distal 
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sections preventing insertion of a guide wire and also 
restricting the flow of medicine* Additionally, the 
tube wall is relatively thick in the distal section 
because of shrinkage of a larger tube size limiting the 
degree of flexibility, and this type of catheter 
includes a rigid radiopaque tip which tends to 
traumatize blood vessels. 

The reinforced braid type coronary infusion 
catheter is generally too large, i.e. 4 French in size, 
and too stiff in its distal section to be readily 
inserted without excessive risk of vessel 
traumatization 0 

The present invention contemplates inner and 
outer laminated coaxial tubes of polymeric material 
wherein the inner tube is formed of a polymeric material 
having a relatively high strength and a relatively high 
flexural modulus, and the outer tube is relatively 
softer and more flexible and has a distal portion 
extending beyond the distal end of the inner tube. The 
inside diameter of the composite tube permits insertion 
of a guide wire through the inner tube and the distal 
portion of the outer tube in order to aid in insertion 
of the infusion catheter. 

The invention seeks to construct a catheter 
having improved flexural variations in order to enable 
insertion into vessels while resisting buckling. 

The invention also seeks to provide a blood 
vessel catheter with a lesser tendency for traumatizing 
blood vessels. 

We have found that one advantage of the 
invention is that a hard-soft polymer combination in the 
body of the catheter provides a thin walled catheter 
with excellent torque and column characteristics to 
enable the catheter to be easily inserted into a blood 
vessel. 

Another advantage of the invention is that a 
guide wire may be inserted into the catheter, including 
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into a distal flexible portion of the catheter, to aid 
in insertion of the catheter* 

The invention will now be further described with 
reference to preferred embodiments shown in the 
5 accompanying drawings, wherein- 

Figure 1 is a plan view of a coronary infusion 
catheter, with portions broken away, constructed in 
accordance with the invention; 

Figure 2 is a cross-section taken at line 2-2 in 

10 Figure 1} 

Figure 3 is a cross-section taken at line 3-3 in 

Figure 1; 

Figure 4 is a cross-section taken at line 4-4 in 
Figure 1; 

15 Figure 5 is a plan view of a modified coronary 

infusion catheter, with portions broken away, 
constructed in accordance with the invention? 

Figure 6 is a cross-section view taken at line 
6-6 in Figure 5; and 

20 Figure 7 is a cross-section view of the catheter 

of Figure 1 inserted in a conventional angiography 
catheter to illustrate employment of the catheter of the 
invention. 

As illustrated in Figures 1-4, a coronary 
25 infusion catheter indicated generally at 18 and 

constructed in accordance with an embodiment of the 
invention includes a main section indicated generally at 
20 formed by an outer polymeric tube 22 coaxially 
laminated on an inner polymeric 
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tube 24, and a distal portion or section indicated 
generally at 21 wherein the inner tube is absent. The 
inner tube 24 is a polymer having relatively high strength 
and a relatively high flexural modulus, while the outer 
5 tube 22 is a softer polymer having a relatively lower 
flexural modulus. Thus, the distal portion 21 is 
relatively flexible, permitting the distal portion to 
negotiate curves in tortuous arteries into which the 
catheter is being inserted. The strength and stiffness of 

10 the inner tube 24 imparts the desired torque and column 

characteristics to the main section 20. The combination of 
hard-soft polymer tubes permits the catheter to have a 
relatively large inside diameter, enabling the insertion of 
a guide wire, such as a coiled spring-like guide wire, 

15 through both sections 20 and 21 to aid in positioning the 
distal end of the catheter in the desired point in an 
artery. 

Preferably, the polymer of the inner tube 24 has a 
flexural modulus within the range from about 50,000 to 

20 300,000 psi (3,515 to 21,100 kg/cm 2 ) and the polymer of 

the outer tube 22 has a flexural modulus in the range from 
about 10,000 to 50,000 psi (703 to 3,515 kg/cm 2 ). 
Examples of higher strength and higher modulus polymeric 
materials suitable for the inner tube 24 include nylons, 

25 high density polyethylenes, and aramid resins. Examples of 
soft plastic materials with lower modulus suitable for the 
outer tube 22 include urethanes, PVC, and low density 
polyethylenes . 

In the distal section* 21, the outside diameter of the 

30 outer tube 22 is reduced without any increase in wall 

thickness, rendering the section 21 even more flexible. A 
radiopaque member 26 is secured to the distal portion 21 
adjacent to the distal end of the catheter. The radiopaque 
member 26 of Figures 1 and 4 is a short metal sleeve, 1 to 

35 2 mm in length, secured on the outside of the tube 22. 

Examples of suitable metals for the sleeve 26 include 10k 
gold, tantalum, tungsten, or any other radiopaque metal 
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suitable for insertion in a blood vessel. The sleeve 26 is 
spaced slightly, 1 to 5 mm, from the distal end of the tube 
22, leaving an end portion 28 of the tube 22 extending from 
the member 26. The distal end portion 28 is designed to 
5 avoid trauma to blood vessels caused by hard tips. 

At the opposite end of the catheter, a short section 
of reinforcing tube is firmly secured over the end portion 
of the combined tubes 22 and 24. A luer 32 with a hub 34 
suitable for connecting the catheter to other devices is 

10 fastened on the ends of the tubes 30, 22, and 24. 

An example of the coronary infusion catheter has an 
overall length of about 135 centimeters with the distal 
section 21 being about 20 centimeters in length. The main 
section, 20 has an outside diameter of about 0.039 + .002 

15 inches (0.99 + .05 mm) and an inside diameter of about 

0.025 + .002 inches (0.64 + .05 mm). The distal section 21 
has an outside diameter of about 0.030 + .001 inches (0.76 
+ .03 mm) and an inside diameter of about 0.022 + .001 
inches (0.56 + .03 mm). The radiopaque metal sleeve 26 is 

20 approximately 2 mm in length and has an outside diameter of 
about 0.034 + .0005 inches (0.86 + .02 mm) and an inside 
diameter of about 0.029 + .0005 inches (0.74 + .02 mm). 
The protruding soft end 28 is about 2 mm in length. 

The coronary infusion catheter- may be manufactured by 

25 extruding the inner and outer tubes 22 and 24 so that the 

inner tube 22 can be slipped into the outer tube 24 snugly. 
Examples of suitable size extruded tubes include an inner 
tube having an outside diameter of about 0.040 inches (1.02 
mm) and an inside diameter* of about 0.027 inches (0.7 mm), 

30 and an outer tube having an outside diameter of abput 0.055 
(1.4 mm) and an inside diameter of about 0.043 inches (1.09 
mm). The inner tube 22 is inserted into the outer tube 
such that a distal portion of the outer tube extends past 
the distal end of the inner tube. A wire mandrel of the 

35 desired inner diameter size, e.g. 0.025 inches (0.64 mm), 
is introduced through the inner tube in its entire length. 
Then, the assembly of the mandrel, the inner tube and the 
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outer tube, is drawn by pushing or pulling through a proper 
size hole in a hot brass, stainless steel, or other metal 
die. The metal die is heated sufficiently to aid in 
plasticizing the polymer of the tubes, laminating the tubes 
5 together , and molding the inner tube to the size of the 

wire mandrel. During the drawing process, the pulling can 
be toward the distal portion 21 stopping just short of the 
distal end of the inner tube, thus causing the distal 
portion 21 to be extended in length due to extrusion or 

10 remolding of a portion of the polymer in the outer tube in 
the die. In the next procedure, a wire mandrel of 
appropriate diameter, e.g. 0.022 inches (0.56 mm), is 
. inserted in the distal section 21 of the outer tube 22 and 
the distal section 21 is pulled through a second metal die 

15 having a hole size smaller than the first metal die for 
producing the reduced diameter of the distal portion 21 . 
The drawing can be from the distal end of the distal 
section 21 toward the distal end of the inner tube stopping 
just short of the distal end of the inner tube. Thus there 

20 is left a slightly enlarged non-drawn portion 36, e.g. 
about 4 mm in length , of the outer tube 22 bridging the 
distal end of the inner tube 24 to produce additional 
strength to prevent breakage of the outer tube at the 
distal end of the inner tube. The ends of the catheter are 

25 then trimmed, and the metal sleeve 26 is attached by 

stretching the end portion of the tube section 21 to reduce 
its diameter, and positioning the sleeve 26 over the end 
portion, forcing the sleeve onto a non-stretched portion 
where the elasticity of the tube secures the metal sleeve 

30 onto the tube, the stretched end being cut off. 

Optionally, an adhesive may be used to secure or aid in 
securing the sleeve 26. Then, the reinforcing tube 30 is 
slipped on the opposite end of the catheter and the luer 32 
is bonded to the ends of the tubes 22, 24 and 30, 

35 in use of the coronary infusion catheter 18/ a 

conventional angiography catheter 40, shown in Figure 7, is 
inserted in the artery in a conventional manner. A 
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conventional side arm "Y" adapter 42 is attached to the hub of 
the angiography catheter. The air may be removed from the 
coronary infusion catheter 7 by distilled water or saline 
solution from a syringe or other apparatus attached to the 
hub 34. The catheter 18 is then inserted through the 
straight arm of the "Y" adapter with the sealing ring in 
the straight arm being tightened slightly to minimize 
bleeding, yet allow the advancement of the catheter 
approximately 80-90 centimeters into the angiography 
catheter. A guide wire 44, such as a fine coiled stainless 
steel wire of 0.018 inch (0.46 mm) diameter, with or 
without a curved end may have been previously inserted in 
the catheter 18. 

Further advancement of the coronary infusion catheter 
is performed under fluoroscopic guidance. The radiopaque 
member 26 and the catheter itself are readily visible, and 
contrast material may be injected into the artery through 
the side arm of the "Y" adapter to enable viewing of the 
positioning of the distal end of the catheter 18 in the 
artery. The guide. wire 44, inserted into the catheter 18 
may extend completely through the catheter 18 including the 
distal portion 24. The guide wire adds a degree of 
stiffness, particularly to a selected length of the distal 
portion, during the insertion of the catheter 18 past the 
catheter 40. Adjustment of the position of the guide wire 
44 and rotation of the catheter and guide wire can be 
utilized in advancing and directing the tip 28 and distal 
portion 24 to a selected point in the arteries. After the 
infusion catheter is in the selected position, the guide 
wire 44 may be removed and the hub 34 attached to. a 
suitable supply apparatus for injecting medicine into the 
artery. 

The catheter 18, having a substantially large inside 
opening relative to its outside diameter, enables a 
substantial rate of medicine to be fed, as well as enabling 
the insertion of the guide wire 44. Previous catheters 
could not utilize a relatively flexible and floppy distal 
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portion for negotiating tortuous curvatures combined with 
selective \insertion of a guide wire to aid in guiding the 
catheter.' Further, the present catheter has greatly 
improved torque and column characteristics compared to 
previous catheters , and the soft tip 28 is less traumatic 
to blood vessels. 

A modified coronary infusion catheter is shown in 
Figures 5 and 6, wherein a radiopaque coil spring 50 is 
secured inside of the end portion of the distal section 21 
of the catheter in place of the exterior band 26 of Figure 
1. The coil spring 50 is inserted by swelling the end 
portion of the tube 24 by means of a solvent, inserting the 
section of spring 50 , and allowing the end portion of the 
tube 24 to dry, shrinking the end portion to secure the 
spring member 50. The spring member 50 may have a 
substantial length, for example 0.5 to 2 centimeters, and 
has sufficient flexibility to permit bending within sharply 
curved passageways. The radiopaque spring 50 is installed 
leaving a flexible end portion 28 of the tube 24 extending 
beyond the member 50, for example 2 to 5 millimeters. 

Alternatively, the short metal band 26 of Figure 1 may 
be secured inside of the end portion of the tube 24 similar 
to the spring 50, or the spring 50 may be secured on the 
outside of the end portion of the tube section 21, similar 
to the band 26. 

Since many modifications, variations, and changes in 
detail may be made to the above described embodiment, it is 
intended that all matter described in the foregoing 
description and shown on the accompanying drawings be 
interpreted as illustrative and not in a limiting sense. 
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CLAIMS 


1. A catheter which is capable of delivering drugs 

into a blood vessel at a selected point, comprising: 
an inner tube; 

5 an outer tube surrounding and being laminated to 

the outside of the inner tube; 

said outer tube having a distal portion 
extending beyond a distal end of the inner tube; 

said inner tube being formed from a high 
10 strength polymeric material having a first flexural 
modulus? 

said outer tube being formed from a soft 
plastics material having a second flexural modulus which 
is substantially less than the first modulus; and 
15 said inner tube and said distal section of the 

outer tube having diameters permitting insertion of a 
guide wire therein. 

2. A catheter as claimed in claim 1 wherein the 

20 first flexural modulus is in the range from about 50,000 
to 300,000 psi, and the second flexural modulus is in 
the range from about 10,000 to 50,000 psi. 

3. A catheter as claimed in claim 1 or 2 including 
25 a rigid radiopaque member secured to the distal section 

of the outer tube adjacent the distal end thereof 
leaving an end portion of the distal section free of the 
radiopaque member, 

30 4. A catheter as claimed in claim 3 wherein the 

radiopaque member is a radiopaque metal sleeve or 
radiopaque metal coil. 

5. A catheter as claimed in claim 3 or 4 wherein 

35 the radiopaque member is secured on the outside of the 
distal section of the outer tube. 
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6. A catheter as claimed in claim 3 or 4 wherein 

the radiopaque member is secured on the inside of the 
distal section of the outer tube. 

5 7. A catheter as claimed in any one of the 

preceding claims wherein the distal section of the outer 
tube has an outer diameter which is less than the outer 
diameter of the remaining portion of the outer tube, and 
the outer tube has a slightly enlarged section bridging 

10 the distal end of the inner tube; and there is included 
a luer having a hub fastened to the end opposite to the 
distal end for connecting the catheter to other devices, 
and a guide wire for insertion in the catheter to aid in 
placement thereof. 

15 

8. A catheter as claimed in any one of the 
preceding claims wherein the laminated inner and outer 
tubes have an outside diameter of about 0.039 inches and 
an inside diameter of about 0.025 inches, and the distal 

20 section has an outside diameter of about 0.030 inches 
and an .inside diameter of about 0.022 inches. 

9. A method of manufacturing a catheter which is 
capable of delivering drugs into a blood vessel at a 

25 selected point, comprising the steps of: 

inserting an inner tube of high-strength, 
higher-f lexural modulus polymeric material into an outer 
tube of soft, lower flexural modulus polymeric material 
leaving a distal section of the outer tube extending 
30 from a distal end of the inner tube; 

inserting a wire mandrel through the inner tube; 
drawing the assembled tubes and mandrel through 
a heated die to laminate the outer tube on the inner 
tube; 

35 removing the mandrel; and 


0102685 


10 


-12- 

attaching a luer having a hub to the end of the 
laminated tubes opposite to the distal end. 

10. A method as claimed in claim 9 including the 
further steps of inserting a wire mandrel in the distal 
section of the outer tube, and drawing the distal 
section of the outer tube through a second heated die to 
reduce the diameter of the distal section to a lesser 
dimension than the remaining portion of the outer tube. 

11. A method as claimed in claim 10 where the 
drawing steps are stopped short of the distal end of the 
inner tube to leave an enlarged portion of the outer 
tube bridging the distal end of the inner tube. 

12. A method as claimed in claim 9 or 10 or 11 
including the steps of securing a radiopaque metal 
member to the distal section of the outer tube adjacent 
to, but slightly spaced from the distal end of the outer 

20 tube. 

13. A method as claimed in claim 12 wherein the 
securing steps includes stretching an end portion of the 
distal section of the outer tube to reduce its diameter, 

25 inserting a sleeve-like radiopaque metal member over the 
reduced diameter end portion, forcing the metal sleeve 
onto a non-stretched portion of the outer tube, and 
cutting the stretched portion from the outer tube. 


15 


30 


14. A method as claimed in claim 12 wherein the 

securing step includes swelling an end section of the 
distal portion of the outer tube by means .of a solvent, 
inserting a sleeve-like radiopaque metal member into the 
swelled end portion of the outer tube, and drying the 
35 swelled end portion of the outer tube to shrink the end 
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portion and secure the metal member, 

15. A method as claimed in any one of claims 9 to 14 

wherein the step of drawing the assembled tubes and 
mandrel includes drawing a further portion of the outer 
tube past the distal end of the inner tube to increase 
the length of the distal section of the outer tube 
extending from the distal end of the inner tube. 
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